
Adapting to climate change: 
Strategies for Brazilian agricultural 
and livestock systems



President of Brazil
Jair Messias Bolsonaro

Minister of Agriculture, Livestock and Food Supply
Tereza Cristina Corrêa da Costa Dias

Executive Secretary
Marcos Montes Cordeiro

Secretary for Innovation, Rural Development and Irrigation
Fernando Silveira Camargo

Deputy Secretary for Innovation, Rural Development and Irrigation
Cleber Oliveira Soares

Director for Sustainable Production and Irrigation
Mariane Crespolini dos Santos

General Coordinator for Climate Change, Forestry and Conservation Agriculture
Fabiana Villa Alves



MAPA’S Mission

To promote the sustainable 
 development of agriculture  

and livestock

Adapting to climate change: Strategies for          
Brazilian agricultural and livestock systems

Ministry of Agriculture Livestock and Food Supply

Brasília 
MAPA 

2021



Ministry of Agriculture. Livestock and Food Supply  

All rights reserved. Reproduction of this material is permitted. provided the source is acknowledged.

The authors that produced each article in this publication are fully responsible for text copyrights. article ideology. 
and images. The MAPA fosters research on this topic and the dissemination of the research outcomes to clarify 
concepts. perspectives. and strategies. in order to contribute to the demands of the national productive sector.

1stEdition. Year  
2021 Print run: 1.000

Technical team

Coordenação: Eleneide Doff Sotta, Elvison Nunes Ramos, Fernanda Garcia Sampaio, William Goulart 
da Silva, Juliana Bragança Campos, Kátia Marzall, Sidney Almeida Filgueira de Medeiros. 

Editors

Eleneide Doff Sotta, Fernanda Garcia Sampai, Kátia Marzall e William Goulart da Silva

Cover Photo

José Mário Lobo Ferreira

Scientific reviewers

Chapter 1 – Dra. Patrícia Menezes Santos

Chapter  2 – Dr. Giampaolo Queiroz Pellegrino

Chapter 3  – Dr. Braulio Ferreira de Souza Dias

Chapter 4 – Dra. Lucimar Santiago de Abreu

International Cataloging-in-Publication (CIP) data Cataloging 
at Source National Library of Agriculture - BINAGRI 

Brazil. Ministry of Agriculture. Livestock. and Food Supply 
Adapting to climate change: Strategies for Brazilian agricultural   

187 p. : il. color.
ISBN 978-65-86803-39-6 

1. Sustainable Agriculture. 2.. Climate Change 3. Climate Adaptation. I. Regulatory 
Secretariat. 3. Legislation. 4. Well-being. 
I. National Secretariat for Innovation. Rural Development and Irrigation.

AGRIS P01  
A01

Cataloging in Source

 Kelly Lemos da Silva CRB1-1880 

and livestock systems  / Eleneide Doff Sotta. Fernanda Garcia Sampaio. 
Kátia Marzall. William Goulart da Silva (organizers). - Brasília: 
MAPA / SENAR. 2020.



ACKNOLEGMENTS 

We would like to acknowledge the support received from the project ‘Brazil 
Sustainable Production in Areas Previously Converted to Agricultural Use Project 

(ABC Cerrado Project)’ funded by the Forest Investment Program (FIP/SCF/CIF) 
towards the World Bank. We also acknowledge the support received from the 

project ‘Supporting the Implementation of the Koronivia Joint Work on Agriculture 
Roadmap’ funded by the Federal Ministry of Food and Agriculture of Germany.



PREFACE

Adapting to climate change demands sectoral initiatives as sectoral initiatives for adaptation to 
climate change are part of an established of an established national institutional arrangement. 
There are numerous public and private institutions directing their efforts to achieve the commitments 
made to Brazilian and international society in favor of sustainable development, and a history of 
initiatives contributing to efforts to tackle climate change.

The National Policy on Climate Change (NPCC) was instituted in 2009 by Law no. 12,187 and regulated 
by Decree 7,390/2010, formalizing Brazil’s voluntary commitment to the United Nations Framework 
Convention on Climate Change (UNFCCC) to greenhouse gas emissions. According to the law, the 
objectives achieved by the NPCC must be in aligned with sustainable development, aiming at 
economic growth, the eradication of poverty and the reduction of social inequalities.

As part of the PNMC, in 2010, the Sectorial Low Carbon Emission Agriculture Plan - Plano ABC 
was developed. The purpose of the plan is to organize and propose actions to adopt sustainable 
production technologies, chosen to respond to the country’s GHG emission reduction commitments 
in the agricultural sector. Above all, however, it aims to encourage, motivate, and support the 
agricultural sector in its implementation of actions that strengthen the resilience of agroecosystems, 
thus increasing adaptive capacity to climate change.

Agriculture has developed a strong capacity for adaptation, due to the historical displacement 
of humanity to new areas and new climatic characteristics, in addition to the climatic variability 
to which it is exposed. Therefore, numerous data has been collected by various institutions and 
people on issues related to the agricultural sectors and their adaptation to climate variability in 
Brazil. More specifically, regarding climate change, what is observed is that research, instruments, 
programs, initiatives have a wide range of different approaches and strategies.

This study is a fundamental step in the task of understanding this wide range of approaches being 
developed in Brazil and setting the guidelines and essential details of the Program for Adapting 
Brazilian agricultural systems to climate change, within the scope of the revision of the ABC Plan 
and its next cycle of implementation.

We would like to thank all the collaborators and institutions that contributed to this strategy, and 
wish them a fruitful read ahead!

Tereza Cristina 
Minister of Agriculture. Livestock and Food Supply

Ministry of Agriculture, Livestock and Food Supply /MAPA
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INTRODUCTION

This publication is part of the Sectorial Plan for Mitigation and Adaptation to Climate Change 
for the Consolidation of a Low Carbon Economy in Agriculture - ABC Plan. The ABC Plan aims to 
organize and propose actions for the adoption of sustainable production technologies, selected 
with the objective of increasing productivity and economic profitability, as well as the resilience 
and adaptive capacity of national agricultural systems.

With the adoption of “ABC technologies”, the expectation is that Brazil will increase food 
production, contributing to food security, in a sustainable manner, without the need to increase 
the area dedicated to agricultural activity. At the same time, efforts are being made to ensure 
that production systems are more resilient to climate change and more efficient in controlling 
greenhouse gas (GHG) emissions associated with agricultural activities. However, methods and 
approaches are still being developed to assess what defines resilience of agroecosystems, the 
needs and adaptation capacities, their co-benefits, as well as the dimension of the socioeconomic 
impacts of climate change in the agricultural sector.

Adaptation to climate change refers to changes in processes, practices, and structures to mitigate 
possible damage caused by climate change, or to take advantage of the opportunities associated 
with such changes (UN, 2020), Adaptation in agricultural systems has become a central element 
in climate policies and research (BERRANG-FORD et al,. 2015). as they are the most comprehensive 
systems in the occupation of land use on the planet (ANANDHI. 2017), According to FAO (2017), 
adaptation in the agricultural sector consists of changes in elements of natural systems and 
agricultural production, as well as in socio-economic, institutional, or public policy instruments, 
which are developed as a response to and in preparation for climate change and current and 
expected climatic variability. Adaptation in the agricultural sector also includes its impacts, with 
the objective of preventing or mitigating harmful effects, focusing on exploring the beneficial 
opportunities.

According to LOBELL et al, (2008), adaptive capacity is a key factor that defines the future severity 
of climate change impacts on food production. Therefore, the development of adaptation strategies 
to counteract the impacts of climate change is globally (IPCC, 2014) and nationally (WALTHALL 
et al,. 2012) evident. However, adaptation strategies are still often presented as shopping list 
format, with options for people to choose from a range of alternative practices, policies and/
or technologies without deeper considerations on broader or systemic outcomes (THOMSEN 
et al.. 2012). PRESTON (2015) states that conceptual models. tools. and methods developed by 
researchers have not yet evolved sufficiently to compose guidelines on how to adapt to climate 
change. Although many studies use one or more approaches and/or levels of adaptation as a 
basis. most of these studies do not generate a methodology that develops quantitative values for 
the pre-selected adaptation strategy. and are commonly measured only according to biophysical 
variables (ANANDHI. 2017) .

On the other hand, adaptation efforts should fundamentally contribute to building paths towards 
sustainable food production and food security for all (FAO, 2017). The same FAO report highlights 
that the Paris Agreement establishes adaptation to climate change as one of its key objectives, 
It advocates for the need to improve adaptive capacity, strengthen resilience, and reduce 
vulnerability to climate change.
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Adapting to climate change: Strategies for Brazilian agricultural and livestock systems aiming 
towards sustainable development. To reduce vulnerability and increase resilience and adaptive 
capacity to climate change, decisions by researchers, farmers, and family farmers delivering 
a series of agricultural and non-agricultural adaptation strategies, which vary significantly 
between the various groups of farmers.

Given this context, this publication aims to identify methods and approaches that are being adopted 
to assess the resilience and adaptive capacity of Brazilian agricultural systems, including social, 
economic, and environmental benefits resulting from the strategies adopted by these systems.

To this end, researchers and research groups were identified, as well as eventual technical 
groups, who work on the topic and who received a consultation script, in which they inserted 
the requested information. The final result of this compilation of experiences is this publication 
entitled “Adaptation strategies of Brazilian agricultural and livestock systems to climate change”. 
In the following pages, our aim is to identify and highlight the multiplicity of initiatives, actions, 
concepts and approaches that exist for adapting to climate change, as well as identify possible 
gaps, challenges, opportunities and needs in the process of strengthening resilience and the 
adaptive capacity of Brazilian agroecosystems.

It is our hope that this information survey will guide you through the diversity of experiences in 
progress in the various Brazilian regions. and help you understand the stages of research and 
technological development under the perspective of sustainable agricultural production systems, 
Above all, this publication seeks to identify how the different strategies build the resilience of 
agricultural production systems and allows them to increase their capacity for adapting to climate 
change. Based on gathered information, we were able to identify management systems and different 
methodologies and techniques applied for this purpose. The result is a map that includes ongoing 
experiences and their degree of development and applicability, to guide the identification of central 
elements and processes for the establishment of effective policies and actions to promote resilience 
and build the adaptive capacity for agricultural production systems in Brazil.

As highlighted by the IPCC (2014) and WALTHALL et al, (2012), the development of adaptation 
strategies is vital to counteracting the impacts of climate change. Therefore, the methodological 
proposal for organizing and analyzing the data collected through these scripts had as a central 
focus understanding the conceptual logic that directs the development of adaptation strategies 
by Brazilian researchers for agricultural systems in relation to climate change, categorizing 
them in four strategic axes. Categorizing strategies follow a deductive approach (MORETTI et 
al,. 2011), in other words, the categories are previously formulated based on the results from a 
literature review, discussions and definitions proposed with the MAPA team. The categories are: 
I) Use of genetic resources; II) Infrastructure, production technologies and equipment; III) Use 
and conservation of biodiversity; and IV) Integrated landscape management. The categories were 
thus defined to facilitate the comparison of the results presented by the researchers. Organizing 
adaptation options in the agricultural sector according to players and types of action facilitates 
adaptation assessment and planning, as it identifies players and clarifies possible interactions 
that can influence adaptive capacity (WALTHALL, ba, 2012). According to the authors, it is possible to 
establish a spectrum of intention and action in adaptation options following resistance, resilience, 
and transformation strategies, describing an increasing gradient in the adaptive capacity of an 
agricultural system.
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The survey of experiences initially started from a detailed search for papers and researchers 
in different platforms and institutions. The key words that guided the survey are related to 
agriculture, crops, climate change and its consequences. Then, several researchers were invited to 
participate in the Adaptation Compilation by sending their script by email . To deepen the analysis 
and development of each axis, technical-scientific reviewers with experience in the theme were 
invited to produce an introductory text with an analysis of each topic and studies sent by the 
researchers.

The publication ends with a critical analysis of submitted research, focusing on comparing the 
diversity, differences, similarities, and trends of the approaches adopted in each one and among 
the strategic axes of adaptation of Brazilian agricultural systems to climate change.

In general, there is a convergence between the results found in the other countries’ national 
experience and those submitted by Brazilian researchers regarding the difficulty of establishing 
a clear conceptual framework on adaptation to climate change. Although mechanisms are 
being developed in some countries, mainly linked to the National Adaptation Program (NAP) 
established by the UNFCCC Conference of the Parties (COP), there is still a long way to go, This gap 
is also evident in the Brazilian context. It is our hope that this compilation will contribute to the 
discussion, to guide effective actions to promote resilience and strengthen the adaptive capacity 
ofagricultural production systems in Brazil, thus ensuring their productive capacity, income, and 
the sustainability of rural life and of the national economy.

Enjoy your reading!

Editors
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From the pre-industrial period until 2019, anthropogenic 
action promoted an increase in the atmospheric 
concentration of CO2 from about 280 ppm to 415 ppm, a 
concentration which may well exceed 700 ppm during the 
second half of the current century, accompanied by an 
average temperature increase of above 2ºC (IPCC, 2014; 2018) 
and changes in rainfall patterns, etc. If this is confirmed, 
these changes will be responsible for significant metabolic 
changes in different crops, with significant impacts on the 
productivity and quality of agricultural products for human 
and animal nutrition. In light of this scenario, an international 
(Brazil-Portugal), interinstitutional (UENF, UFES, UFV, 
ISA /UL, FCT/UNL, INIAV) and interdisciplinary team (from 
anatomy to the molecular area), has carried out several 
studies aiming to assess the impact of climate change on 
coffee, taking into account, above all, the increase in [CO2], 
increase in air temperature and water stress, at the level 
of plant metabolism and grain quality. The experiments 
associated with interactions between increases in [CO2](380 
vs. 700 ppm) and temperature (from 25/20 ºC to 42/34 ºC, 
day/night) carried out in Portugal (Figure 1) (ISA/UL) were 
carried out in controlled environmental conditions, using 
Brazilian genotypes of Coffea arabica (Arabica coffee) 
and C. canephora (Robusta coffee). This research intends 
to evaluate the individual and simultaneous impacts of 
the increased temperatures and [CO2] on anatomical, 
physiological, biochemical and molecular aspects. At 
Embrapa - Meio  Ambiente, Jaguariúna-SP, in 2011 an 
experiment in field conditions with C. Arabica was initiated. 
The free-air-CO2-enrichment device (FACE) delivered 200 ppm 
above the current concentration (~590ppm). The last phase 
of the experiment developed mitigation strategies against 
impacts of drought conditions according to the increase in 
[CO2]. Another experiment was carried out in Campos dos 
Goytacazes, north of the state of Rio de Janeiro, at the 
Universidade Estadual do Norte Fluminense (UENF) and in 
a greenhouse, with the objective of studying the effects of 
temperature increase (based on a seasonal variation) on 
the physiological aspects, both at leaf levels and at entire 
plant levels. Experiments are also being carried out at the 
Federal University of Espírito Santo (UFES), São Mateus, in 
the north of the state of Espírito Santo. In field conditions, 
the performance of Conilon coffee grown under tree canopy 
of species like the
 

rubber tree (Hevea brasiliensis Willd. ex A.Juss.) Müll. Arg.) 
and Australian cedar (Toona ciliata M. Roem) are being 
studied currently. This cultivation strategy can mitigate 
the effect of thermal stress. This research, which entailed a 
strong component of advanced training of human resources, 
was financed by the Portuguese Foundation for Science and 
Technology (projects PTDC/AGR-PRO / 3386/2012; PTDC/ ASP-
AGR/31257/2017; LEAF units: UID/AGR/04129/2013; GeoBioTec: 
UID/GEO/04035/2013), CAPES, CNPq, FAPERJ, FAPES, Embrapa 
and Consórcio Pesquisa Cafés.

RESULTS

• Coffee plants show relevant tolerance to high 
temperatures (up to 37/30 ºC);

• Strong negative impacts were observed 
at 42/34 ºC. However, the increase in [CO2] 
(700 ppm) enhanced plant metabolism at all 
temperatures and significantly mitigated the 
impact of elevated temperatures;

• Exposure to high temperatures in the last stages 
of fruit ripening caused depreciation in the quality 
of the grains, but the high [CO2] contributed to 
preserve quality;

• Under natural fluctuations, supra-optimal 
temperatures resulted in increases in the air 
vapor pressure deficit, which compromised the gas 
exchange of the individual leaves and the entire 
plant;

• In FACE, adult Arabica coffee plants showed high 
leaf stomata conductance under high [CO2], 
which allowed for high photosynthesis in the dry 
season, both in leaf and whole plant scale, which 
allowed better investments in carbon in turnover 
of fine roots in soil with less water deficit. Under 
increased [CO2] the quality of the brew did not 
suffer, although

• some delay occurred compared to plants grown on 
400 ppm CO2. Productivity under field conditions 

COFFEE PLANTS IN THE CONTEXT OF GLOBAL CLIMATE CHANGE

Weverton Pereira Rodrigues1; Eliemar Campostrini1; Wallace de Paula Bernado1; Danilo Força Baroni1; José Altino 
Machado-Filho2; Fábio Luiz Partelli3; José Cochicho Ramalho4.5; Ana Isabel Ribeiro4.5; António Eduardo Leitão4.5; 
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1 Universidade Estadual Norte Fluminense Darcy Ribeiro. 2 Instituto Capixaba de Pesquisa. Assistência Técnica e Extensão Rural. 
3 Universidade Federal do Espírito Santo. 4 Universidade de Lisboa. 5 Universidade NOVA de Lisboa. 6 Instituto Nacional de 
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was higher in the three first years under elevated 
[CO2], but in the fourth the productivity was similar 
between CO2 concentrations; 

• Intercropping with tree species promoted a 
microclimate under the canopy that was more 
favorable to coffee, mainly associated with the 
reduction of irradiance and temperature, as well 
as an increase in the relative air humidity.

NEXT STEPS

• Study mitigation strategies against the negative 
implications of the climate in cultivation;

• Identify the acclimatization responses of coffee 
plants in order to use this information in breeding 
programs;

• Study the interactions between increased 
temperature and/or CO2 concentration with water 
stress on a whole plant scale, as well as in the 
floral biology of the coffee plant;

• Study effects of shading associated with soil water 
stress.

IPCC – Intergovernmental Panel on Climate Change. Summary for 
policymakers. In: FIELD. C. B. et al. (eds.). Impacts. adaptation and 
vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working 
Group II to the Fifth Assessment Report of the Intergovernmental Panel on 
Climate Change. New York. United Kingdom: Cambridge University Press. 
2014. p. 1-32.

IPCC – Intergovernmental Panel on Climate Change. Summary for 
policymakers. In: MASSON-DELMOTTE. V. et al. (eds.). Global warming 
of 1.5 °C. An IPCC Special Report on the impacts of global warming of 
1.5 °C above pre-industrial levels and related global greenhouse gas 
emission pathways. in the context of strengthening the global response 
to the threat of climate change. sustainable development. and efforts to 
eradicate poverty. Switzerland: World Meteorological Organization. 2018. 
p. 1-24.
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Figure 1 :  Studies under controlled environmental conditions (temperature, 
relative humidity, irradiance, photoperiod and [CO2]) in EHHF 10000 growth 
chambers, ARALAB, Portugal) in C. arabica genotypes (cv. Icatu and IPR108) 
and C. canephora cv. Conilon Clone 153. 

Crédit: José Cochicho Ramalho.
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Impact of climate change on physiological, productive performance and forage quality of the Panicum 
maximum cv Mombaça grass  
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Melhoramento genético de eucaliptos para desenvolvimento de cultivares destinadas a múltiplos usos da 
madeira e de populações com potencial para superar possíveis adversidades ocasionadas por mudanças 
climáticas
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